Neurotransmitter function in depression
The first-generation antidepressants served not only as effective treatments for depression, but also as investigative tools in the study of the bio chemical basis of depression. A considerable body of knowledge has been accumulated over the years from both animal and clinical research, which used increasingly sophisticated methods such as receptor ligand technology and neuroimaging.
The introduction of receptor ligand technology in the 1970s allowed the examination of neurotransmitter receptor status. Significant changes in the density of the receptors and in second messenger production were demonstrated in animal exper iments on long-term antidepressant drug treatment. The early experiments, limited to receptors within the noradrenergic system, led to the introduction of the 'ÃŸ receptor down-regulation hypothesis' proposed by Sulser (1978) , which challenged the hitherto univer sally accepted 'monoamine hypothesis' of depression. The latter assumed a reduction in brain noradrenaline and serotonin (5-hydroxytryptamine; 5-HT) concentrations as the cause of depression, therefore requiring an increase in the availability of these monoamines at the synaptic level to correct the deficit. The ÃŸ receptor down-regulation hypothesis proposed that a pathological 'supersensitivity' of the brain ÃŸ-adrenergic receptors was responsible for depressed mood state, and that this abnormality is corrected by antidepressant drug treatment, which leads to downregulation (reduction in density) of ÃŸ receptors.
Subsequent research findings, however, show that the picture is much more complex. Changes in the density and functional responsiveness of adrenergic receptors (the post-synaptic a, and pre-synaptic a, autoreceptors) as well as changes in the sensitivity of receptors within the serotoninergic (5-HT,and 5-HT,A receptor subtypes) and other central neurotransmitter systems have been demonstrated after chronic (>2 weeks) treatment with antidepressant drugs (Leonard, 1993) , irrespective of their presumed pharmacological actions. The antidepressant drugs' ability to increase the availability of the neurotrans mitter (noradrenaline or 5-HT) in the synaptic cleft, by means of either inhibition of reuptake into the neuronal terminal (TCAs and SSRIs) or prevention of its breakdown (MAOIs), is only the beginning of a cascade of events involving changes in the sensitivity of receptors at somatodendritic sites (5-HT1A receptors) and at the pre-and post-synaptic levels, as well as changes in neuronal signal transduction beyond the receptor.
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or both the serotoninergic and adrenergic systems for TCAs and MAOIs). The close anatomical and physiological relationship between the neurotransmitter systems militates against the notion of the presence of two distinct biochemical depressive subtypes. Clinical studies provide further evidence against the view that there may be separate noradrenergic and serotoninergic depressive groups, with preferential response to adrenergic or serotoninergic agents, respectively (Montgomery, 1982; Emrichef al, 1987) . Nevertheless, there are subgroups of patients with specific clinical features who appear to respond better to particular antidepressant drug groups.
Development of new drugs
The major progress made in our understanding of the psychopharmacology of antidepressant drugs and the function of central neurotransmitter systems in relation to mood state, guided the production of new antidepressants. The first antidepressants were discovered by serendipity, but subsequent antidepres sant drug development has been to a great extent by design, with the noradrenergic and/or serotoninergic neurotransmitter systems as the primary targets.
In the 1970s and early 1980s the focus was on the noradrenergic neurotransmitter system, partly because of the greater understanding of its pharmacology, particularly in relation to receptor function and the impact of the ÃŸ receptor downregulation hypothesis of depression. The late 1980s and the 1990s saw a rapid growth in the pharmacol ogy of the serotoninergic system. Several serotonin receptors were identified and the production of selective receptor agonists/antagonists allowed examination of these receptors. The introduction of the SSRIswas a turning point in the pharmacotherapy of depression, and the serotoninergic neurotransmit ter system became the focus of study. More recently the SSRIs have been joined by other types of antidepressants such as the reversible monoamine oxidase inhibitors (RIMAs), the serotonin/noradrenaline reuptake inhibitor (SNRI) venlafaxine, and other novel drugs. The new-generation antidepressants differ from the older drugs in that they have a narrower pharmacological profile, increasing noradrenergic or serotoninergic activity, or both (Table  1) , without significant direct effects on other central neurotransmitter systems. The main aims in the development of the new antidepressants (which, so far, have only partly been achieved) were:
(1) greater efficacy; (2) absence of side-effects; (3) lack of toxicity in overdose; and (4) earlier onset of action.
Efficacy
None of the antidepressants presently available has shown significantly superior efficacy in the treatment of depression in randomised controlled trials or meta-analyses (see Anderson, 1997, this issue) , although the possible superior efficacy in suicidality and the safety in overdose offer an advantage to the SSRIs over TCAs in patients who present suicidal risk. In general, between 50 and 70% of patients respond to the first antidepressant, irrespective of its pharmacological profile. 
Side-effects and safety in overdose
The older antidepressants are associated with a range of side-effects, which may affect compliance and render them potentially dangerous. The TCAs have a spectrum of pharmacological actions, many of which are seen as non-therapeutic and are responsible for their fairly extensive side-effect profile (Box 1). Because of their selectivity for the serotoninergic system, the SSRIsare largely devoid of other clinically significant pharmacological effects. However, they do have side-effects due to the effects of the SSRIs on the serotoninergic system and particular 5-HT receptors (Box 2); for example, nausea and vomiting are probably due to enhanced 5-HT., receptor activity. Meta-analyses comparing the tolerability of the sideeffects of the TCAs with those of the SSRIs (see Anderson, 1997) , and the adverse effects of newer and older antidepressants, and their interactions (Henry, 1997) are discussed elsewhere in this issue.
Costs
The cost of a month's treatment with the cheapest SSRIs (fluvoxamine, fluoxetine and paroxetine) is two and a half times that with the TCA dothiepin in therapeutic dose. It has been argued, however, successfully according to some studies, that when both direct and indirect costs are taken into account the overall expenditure is not higher when using SSRIs compared with TCAs (Boyer & Feigner, 1993 
Earlier onset of action
Antidepressant drugs, in general, have a slow onset of action with noticeable clinical improvement only after two to four weeks of ongoing treatment. The reasons for this are not clear, as monoamine reuptake inhibition and monoamine oxidase inhibition take place within hours. It is argued that subsequent events in the complex process of neurotransmission are essential in effecting clinical improvement.
Several antidepressants have claimed an earlier onset of action but none has, as yet, demonstrated this incontroverribly. It was hoped that drugs with higher selectivity acting directly on relevant receptors could achieve faster antidepressant effects. Drugs with adrenergic receptor selectivity such as the ÃŸ agonists salbutamol and clenbuterol, and later the 5-HT]A receptor agonists busiprone, gepirone and ipsapirone, were developed but they failed to compete effectively with established antidepressants in terms of clinical efficacy. The 5-HT., receptor agonist ritanserin, despite some early promise as an effective anti-dysthymia agent, had a similar fate.
Although desirable in that it reduces the possibility of side-effects, receptor selectivity by itself may also limit the antidepressant efficacy of the drug. Receptor selectivity may be more useful if combined with neurotransmitter reuptake inhibition, enhancing its antidepressant effects and at the same time reducing some undesirable side-effects. An example of such a drug available in the UK at present is nefazodone. Amoxapine, which is structurally similar to maprotiline (a tricyclic with a fourth ring as a side structure), and the SSRI paroxetine have been claimed to have faster action. Venlafaxine, one of the latest antidepressants, has shown some promise as having earlier onset of action but this requires further proof. Interestingly this drug downregulates ÃŸ receptors after a single dose exposure unlike other antidepressants which require continued exposure for >10 days for this to occur.
Overview of antidepressants currently licensed in the UK

TCAs
The antidepressant properties of the TCAs are dependent on their ability to inhibit the reuptake of noradrenaline and serotonin into the neuronal terminal and enhance adrenergic transmission. The rest of their pharmacological actions are not only redundant but also responsible for a range of sideeffects (Box 1). In the 1960s and 1970s modifications were made to the chemical structure of existing drugs, aiming to reduce these undesirable actions. The secondary amines, desipramine and nortriptyline, were produced from the tertiary amines, imipramine and amitriptyline, respectively. These drugs had relatively fewer side-effects, being less anticholinergic and less sedative, while retaining similar antidepres sant efficacy to that of the parent drug. Nevertheless, some of these side-effects have been used to clinical advantage; for example, the sedative effects of the tertiary amines in agitated, insomniac patients.
Dose range of the TCAs
The established therapeutic dose is 125-150 mg/day. There is no good evidence that doses of 75 mg or less have any acute antidepressant clinical benefit. Although antidepressant drug monitoring is available and tentative therapeutic concentrations suggested, the benefit of these levels is probably more relevant in preventing toxicity and checking on compliance rather than for therapeutic monitoring.
TCAs have a relatively narrow therapeutic index and cardiotoxicity can occur at doses of only about 10 times the therapeutic dose. Furthermore, in patients who are slow metabolisers toxicity may occur even with therapeutic doses. It has been argued for these reasons that therapeutic monitor ing of TCA blood levels should be more widely used (Preskorn & Jerkovich, 1990; Preskorn, 1993) .
In addition to the TCAs already mentioned, there are others which merit mention:
Nortriptyline is the only TCA shown to have a therapeutic window (50-170 mg/ml); doses achiev ing plasma levels outside this range are less effective. Clomipramine is a potent and preferentially 5-HT reuptake inhibitor and has been successfully used to treat obsessive-compulsive disorder (OCD), especially prior to the introduction of the SSRIs.
Maprotiline is a more selective noradrenaline reuptake inhibitor than the other TCAs. Un fortunately, it is associated with a higher incidence of seizures in overdose and also in standard doses, and this has limited its clinical use.
Lofepramine is a major advance in the development of TCAs as it has much fewer side-effects. It has minimal sedative and psychomotor side-effects and, most importantly, it appears to be safe in overdose.
SSRIs
In general, the SSRIshave a wider spectrum of clinical effects influencing, in addition to the depressed mood, functions such as eating behaviour, anxiety, impulsive behaviour, aggression and OCD, and some are marketed for some of these indications.
Certain pharmacokinetic/pharmacodynamic interactions need to be considered before using the SSRIs in combination with other psychotropic drugs. Caution is required when using lithium augment ation in resistant depression and it is advisable slowly to increase the dose of lithium, monitoring carefully its blood levels, as fluoxetine may affect lithium plasma concentrations. However, the lithium plus fluoxetine combination has been widely used, quite successfully and without significant problems with lithium concentrations. Particular caution is required when SSRIs are used in combination with TCAs, as SSRIs impair the metabolism of TCAs by interfering with the cytochrome p450 2D6 (Crewe et al, 1992) . It is advisable to reduce the dose of the TCA, especially in the elderly, and plasma drug level monitoring may be needed if higher doses are required. Although MAOIs can be used safely, with caution, in combin ation with the TCAs in the treatment of resistant depression, the combination of the SSRIs with the MAOIs can potentially have very serious conse quences and should not be used in clinical practice. The potent 5-HT reuptake inhibition (SSRIs)coupled with the prevention of 5-HT breakdown (MAOIs) can cause undesirably high serotoninergic activity and lead to the serotonin syndrome, which is potentially fatal (see Henry, 1997, this issue) .
Unlike the TCAs, the SSRIs have very dissimilar chemical structures. They are all effective antidepressants but differ in their pharmacokinetics, dose range, side-effect profile, etc.
Fluvoxamine has a relatively higher incidence of nausea than other SSRIs but is more sedative and the manufacturer promotes its sleep-improving properties.
Fluoxetine is unique among the SSRIs in that it has
an active metabolite, norfluoxetine, which has a very long half-life. This can be an advantage (as forgetting to take the occasional dose will not significantly affect the drug's plasma concen tration) and a drawback (as it delays beginning certain drug treatments that have dangerous interactions with fluoxetine, for several weeks). It is advisable to allow at least five weeks from the time of discontinuation of fluoxetine prior to starting treatment with an MAOI. Some patients experience a degree of agitation in the early stages of treatment, although in the long term it has anxiolytic properties. Fluoxetine is licensed as an antibulimic agent as well as for treatment of OCD. The antidepressant dose is 20 mg/day, with no increase in efficacy at higher doses. Patients with OCD and bulimia respond better to higher doses (40-60 mg).
Paroxetine has early anxiolytic properties in addition to its antidepressant actions and is useful in patients with depression accompanied by anxiety. Recently it has been licensed also for the treatment of OCD. Paroxetine has no active metabolites and a short half-life (10-21 hours); withdrawal symptoms lasting up to three weeks have been described and it is advisable to taper off the dose slowly on withdrawal. The effective dose is 20 mg/day, with evidence of increased efficacy up to 40 mg. The maximum dose recommended by the manufacturers for the treatment of depression is 50 mg. There have been infrequent reports of extrapyramidal side-effects associated with paroxetine, mostly in patients with underlying movement disorders. DystÃ ¶niemovements of face, tongue and eyes have also been reported.
Sertraline and citalopram were introduced more recently and are comparable to the other SSRIs in efficacy.
MAOls
The major problems encountered with MAOIs (phenelzine, isocarboxazid, tranylcypromine) were their potentially dangerous interactions with tyramine-containing foods and with certain drugs (indirectly acting sympathomimetics, some narcotic analgesics, TCAs), due to their lack of selectivity. Irreversible binding to monoamine oxidase means that MAOIs require a washout period (of at least 2 weeks) to permit resynthesis of monoamine oxidase.
RIMAs
The new-generation MAOIs, such as moclobemide, have the advantages that they are selective (MAO-A but not MAO-B inhibitors) and reversible (RIMAs). Selectivity does not affect their antidepressant properties as MAO-A preferentially metabolises noradrenaline and 5-HT, the substrates of antidepressant action, while it significantly reduces the possibility of side-effects. Tyramine is metabolised by both MAO-A and MAO-B, and by inhibiting one form only the potential for the 'cheese reaction' (see Henry, 1997, this issue) is significantly reduced. The reversibility of their action on enzyme inhibition allows the monoamine oxidase to free itself promptly after the treatment is stopped, with no need for the lengthy washout period needed by the old MAOIs. This allows relaxation of dietary restriction and concomi tant use of other drugs. The potential for serotonin syndrome, however, is not reduced and concomitant administration with SSRIs should be avoided.
The MAOIs have been advocated for use in depressive states associated with prominent phobic features. Moclobemide appears, according to metaanalyses, to be as effective as a TCA in agitated anxious depression and in endogenous and nonendogenous depression.
SNRIs
Venlafaxine is the only SNRI currently available. It essentially has the pharmacological effects of the TCAs on 5-HT and noradrenaline reuptake but is devoid of actions on other sites responsible for the side-effects of the TCAs. It has some promise as a potentially rapidly acting antidepressant and as an effective treatment for resistant depression, but more research is required to support these claims.
Nefazodone
Nefazodone is a novel antidepressant with a chemical structure related to trazodone and a distinct pharmacological profile. It has dual action on the serotonergic system; it is a relatively weak 5-HT reuptake inhibitor and a potent 5-HT0 receptor antagonist. This combination enhances 5-HT]A-mediated neurotransmission, an effect which may be beneficial in the treatment of depression.
There have been no reports of priapism, a recognised side-effect of trazodone, in clinical trials with nefazodone. Furthermore, sexual dysfunction was reported much less frequently than with other antidepressants; this might be related to 5-HT2A receptor blockade.
Conclusions
In summary, the targets set in the production of the new-generation antidepressants have only partially been met:
(1) efficacy -no antidepressant has demonstrable superiority over the old tricyclics; (2) side-effects -a different set of side-effects are associated with the new-generation antidepressants, which on balance appear to be better tolerated by patients; (3) safety in overdose -this is the major advantage of the new drugs over the old antidepressants; (4) earlier onset of action -there is some promise of faster action with some newer antidepressants but this needs confirmation.
